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ABSTRACT 


A  workshop  held  at  the  Alberta  Environmental  Centre  in  1981  identified  a  number  of 
problems  associated  with  biological  decomposition  of  wastes  in  Alberta  landfills  such  as  gas 
production,  surface  subsidence  and  contamination  of  surface  and  groundwater  by  landfill  leachate. 
As  a  first  step  in  initiating  a  research  program  in  this  area  instrumented  monitoring  sites  were 
set  up  at  the  Leduc  and  Pincher  Creek  Regional  Landfills.  Automated  data  loggers  were  used 
to  measure  ambient  air  temperatures  and  temperatures  at  various  depths  in  the  buried  waste.  At 
regular  intervals  gas  samples  were  taken  at  the  same  depths  and  the  composition  analyzed  by  Gas 
Chromatography.  Measurements  were  taken  over  a  three  and  a  half  year  period. 

Temperatures  in  the  waste  were  effectively  buffered  from  climatic  extremes  and  were 
adequate  for  biological  activity  year  round  (9.5  -  14°C)  at  both  sites.  Gas  analysis  data  showed 
a  make-up  of  varying  proportions  of  methane,  carbon  dioxide  and  nitrogen.  As  a  rule  the 
methane  content  was  higher  from  deeper  sampling  points.  The  presence  of  nitrogen  indicated 
infiltration  of  air  into  the  waste.  Changes  in  gas  composition  over  the  sampling  period  indicated 
that  the  decomposition  pattern  had  not  yet  stabilized  to  the  point  of  producing  a  stable  gas 
composition. 
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1  INTRODUCTION 

One  of  the  largest  problems  facing  municipalities  in  the  latter  part  of  this  century  is 
dealing  with  the  disposal  of  solid  wastes.  This  problem  has  been  exacerbated  in  the  past  several 
decades  by  over-packaging  of  consumer  goods  and  a  concomitant  increase  in  disposable 
products.  The  usual  method  of  disposal  of  these  items  is  by  landfilling,  preferably  in  a  sanitary 
landfill. 

In  February,  1981  a  workshop  on  'Sanitary  Landfill  Research'  was  held  at  the  Alberta 
Environmental  Centre  (AEC),  Vegreville,  Alberta  (11).  The  intent  was  to  examine  the  current 
status  of  designing,  managing  and  monitoring  this  type  of  installation  and  the  various  research 
activities  that  were  being  conducted  to  support  this  activity.  The  bulk  of  the  'research'  especially 
with  respect  to  the  biological  breakdown  occurring  in  landfills  was  either  secondary  information 
obtained  during  engineering  studies  of  the  sites,  or  extrapolation  of  data  obtained  from  other 
biological  systems  with  similar  biochemical  activity.  Another  factor  that  emerged  was  that  most 
of  the  studies  to  date  were  done  in  much  more  moderate  climates  than  Alberta  (11). 

Numerous  problems  associated  with  landfilling  and  the  subsequent  process  of 
decomposition  were  also  identified: 

1.  Gas  is  generated  from  the  decomposition  of  organic  wastes  in  landfills.  Under 
anaerobic  conditions,  that  are  usually  quickly  established,  COj  and  CH4  are 
produced.  This  gas  production  can  lead  to  uncontrolled  lateral  gas  migration 
giving  rise  to  explosive  gas  levels  in  structures  adjacent  to,  or  built  on  these  sites 
after  completion  or  in  buildings  considerable  distances  away. 

2.  The  production  of  landfill  leachates.  A  complex  mixture  of  organic  acids  is 
produced  during  the  microbial  decomposition.  Short-chain  fatty  acids  are  the 
substrates  for  methane-generating  microbes.  However  due  to  natural  precipitation 
percolating  down  through  the  landfill  a  complex  liquor  of  these  acids  and  other 
chemicals  can  accumulate  at  the  bottom  of  the  landfill  and  migrate  into  ground 
water  and  possibly  surface  waters  if  near  lakes  or  rivers  (1,  4,  9,  10,  14,  15,  16). 
Such  leachates  are  potentially  toxic  and  often  carry  a  high  BOD  load. 

3.  Another  common  problem  with  landfills  is  the  surface  subsidence  that  occurs  due 
to  the  decomposition  taking  place  in  the  landfill  and  the  accompanying  loss  of 


organic  matter  to  gas  generation.  This  'caving  in'  of  the  surface  is  unpredictable 
and  further  restricts  future  use  of  completed  sites  (11). 

One  potentially  positive  aspect  of  landfilling  is  the  recovery  of  landfill  gas  in  Alberta 
as  a  fuel.  This  has  been  attempted  on  a  very  limited  experimental  scale;  however  due  to  the 
number  of  landfills  in  existence  it  is  a  greatly  overlooked  potential  resource  (6,  7,  19). 

As  a  result  of  the  workshop,  a  research  program  was  initiated  by  the  AEC, 
Biotechnology  Section,  to  undertake  a  preliminary  examination  of  the  progression  of  biological 
breakdown  of  wastes  in  Alberta  landfills. 

This  initial  study  was  restricted  to  monitoring  of  temperature  profiles  and  gas 
composition  in  existing  Alberta  landfills  to  develop  baseline  information  on  decomposition  of 
wastes  in  landfills.  Due  to  the  climatic  variability  within  our  own  province  it  was  decided  to 
monitor  a  southern  site,  Pincher  Creek  Regional  Sanitary  Landfill,  and  a  northern  site,  Leduc 
Regional  Sanitary  Landfill. 

2         MATERIALS  AND  METHODS 

2.1       Construction  and  Installation  of  Instrumented  Landfill  Wells 

2.1.1     Data  Logging  Equipment 

The  data  logging  equipment  used  were  CR-21  microloggers  manufactured  by  Campbell 
Scientific.  These  data  loggers  each  have  9  input  channels,  7  analog  and  2  digital.  For  the 
purpose  of  this  project,  since  only  temperature  data  was  being  recorded,  only  the  analog  channels 
were  utilized. 

The  temperature  probes  were  also  manufactured  by  Campbell  Scientific.  The  sensor  end 
of  the  probe  was  contained  in  a  heat-shrink  covering  and  the  rest  of  the  cable  was  entirely 
sheathed  making  the  probe  and  cable  entirely  weatherproof 

Completing  the  list  of  data  logging  equipment  was  a  Campbell  Scientific  SMI 6  solid 
state  storage  module.  With  the  proper  hookup  to  and  programming  of  the  CR-21  micrologger 
the  unit  automatically  dumps  data  into  the  storage  module.  This  allows  the  data  logging 
equipment  to  be  left  at  remote  sites  without  having  to  retrieve  data  for  long  periods  of  time. 
Data  was  retrieved  by  dumping  the  data  from  the  storage  module  onto  an  audio  cassette  using 
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a  Panasonic  RQ356  cassette  recorder  hooked  up  to  the  sohd  state  storage  module  as  directed  in 
the  instruction  manuals  (2,  3). 

2.1.2  Thermowells 

The  thermowells  (Figure  1)  were  constructed  of  1  1/2"  Sch.  40  PVC  pipe.  Individual 
pipe  sections  of  7  to  8'  were  threaded  on  both  ends  so  they  could  be  joined  at  the  installation  site 
with  threaded  couplers. 

At  the  bottom  end  the  opening  was  plugged  with  a  rubber  stopper  into  which  the 
temperature  probe  and  the  gas  vent,  1/4"  stainless  steel  tube,  were  glued  with  sihcone  sealant; 
under  this,  another  8"  section  of  pipe  that  had  been  perforated  with  numerous  1/8"  holes  was 
glued  and  the  open  end  once  again  sealed  with  a  rubber  stopper.  The  purpose  of  the  perforated 
section  of  pipe  was  to  allow  temperature  equilibration  of  the  probe  and  entry  of  the  gases  being 
produced  at  various  depths.  To  sample  gases  1/4"  Tygon  tubing  was  installed  between  the 
stainless  steel  (SS)  tube  in  the  lower  rubber  stopper  and  the  stainless  steel  tube  in  the  rubber 
stopper  in  the  pipe  at  the  surface.  At  the  upper  exposed  end  of  the  well  a  short  piece  of  Tygon 
tube  was  clamped  between  the  SS  tube  in  the  top  rubber  stopper  and  valve,  to  seal  the  system 
off  between  sampUng  visits.  During  assembly  of  the  wells  the  void  space  in  the  1  1/2"  pipe  was 
filled  with  vermiculite  to  provide  thermal  insulation  between  the  probe  tip  and  the  surface  (see 
Figure  1).  This  design  was  an  adaptation  of  several  thermowell  designs  used  by  previous 
investigators  (8,9). 

2. 1 .3  Equipment  Housing 

Since  the  data  logging  equipment  was  sensitive  to  moisture  and  temperatures  below 
-25°C  it  was  necessary  to  construct  a  special  housing  to  protect  it.  This  was  made  from  8"  Sch 
80  PVC  pipe,  having  a  length  of  5',  4  feet  of  which  was  buried  in  the  ground.  The  pipe  was 
sealed  at  the  bottom  end  with  a  PVC  end  cap,  and  closed  at  the  surface  with  an  airtight  high 
density  polyethylene  closure.  To  enable  the  temperature  probe  leads  to  be  hooked  up  to  the  data 
logger,  a  set  of  1"  PVC  fittings  were  installed  in  the  top  plate  and  after  installation  of  the  probes 
the  opening  was  sealed  with  silicone  sealant  to  maintain  the  weatherproof  integrity  of  the 
equipment  housing.  As  a  precaution  against  the  effects  of  moisture  and  extremely  cold 
temperatures,  desiccant  and  insulation  respectively  were  placed  on  top  of  the  data  logging 
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Figure  1.        Cross-Sectional  View  of  Thermowells  and  Site  Installation 
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equipment  to  fill  the  housing.  To  facilitate  inspection  of  the  equipment  and  retrieval  of  data  from 
the  SMI 6  a  two-level  circular  platform  was  built  that  could  be  lowered  into  the  bottom  of  the 
housing.  On  the  bottom  level  were  placed  two  6V  alkaline  batteries  to  provide  external  power 
to  the  datalogger  for  longer  interruption-free  periods  of  operation.  The  data  logging  equipment 
was  located  on  the  upper  level  of  the  removable  platform. 

2. 1 .4  Thermoscreen 

A  standard  thermoscreen  was  constructed  along  the  lines  of  the  weatherstation  housing 
found  on  site  at  AEC  to  facilitate  measurement  of  outside  temperatures. 

2.1.5  Chain  Link  Fence  Enclosure 

A  chain  link  fence  enclosure  was  purchased  for  each  site  to  provide  security  for  our 
installations.  These  enclosures  were  6'  x  6'  x  7',  with  1  foot  of  the  7'  height  being  three  strands 
of  barbed  wire. 

2.1.6  Installation 

Installation  of  the  wells  at  the  Leduc  and  Pincher  Creek  Sanitary  Landfill  sites  was 
carried  out  with  the  assistance  of  the  Earth  Sciences  Branch  of  Alberta  Environment.  The 
Edmonton  crew  (contact:  Bob  Ripon)  assisted  at  the  Leduc  site  by  drilling  4"  diameter 
thermowell  holes  of  depths  8',  15'  and  20'. 

A  hole  12"  diameter  by  4'  deep  for  the  equipment  well  was  drilled  by  AEC  staff  with 
a  power  auger. 

The  Lethbridge  crew  (contact:  Bob  Copeland)  assisted  at  the  Pincher  Creek  site  by 
drilling  4"  diameter  thermowell  holes  of  8',  12'  and  18'  depths.  Difficulty  was  experienced  at 
the  Leduc  site  with  the  12"  hole  therefore  an  adapter  was  made  to  fit  the  Earth  Sciences  drilling 
rig  and  they  used  the  AEC  12"  auger  bit  to  drill  a  4'  deep  hole  for  the  equipment  housing. 

Once  the  holes  were  drilled  the  thermowells  were  assembled  and  readied  for  their 
respective  holes.  In  the  bottom  of  each  hole  6"  of  pea  gravel  was  placed,  the  thermowell  was 
then  centrally  located  in  the  hole  and  another  foot  of  gravel  was  placed  around  the  thermowell 
with  the  gravel  being  tamped  to  prevent  further  settling.  From  the  top  of  the  gravel  to  within 
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5'  of  the  surface  sand  was  tamped  into  place  around  the  thermowell.  In  the  last  5'  up  to  the 
surface  peltonite  was  placed  around  the  thermowell  to  seal  the  hole. 

The  equipment  housing  was  installed  in  it's  hole  and  secured  in  place  by  tamping  sand 
around  it.  The  post  for  the  thermoscreeen  was  pushed  into  the  ground  by  the  hydraulic  head  of 
the  drilling  rig  and  the  thermoscreen  fastened  to  it. 

The  chain-link  fencing  enclosures  were  made  up  as  prefabricated  panels  and  only  had 
to  be  bolted  together  on  site.  The  whole  assembly  was  secured  in  place  by  means  of  1/2"  re-bar 
pegs  driven  into  the  ground  through  the  bottom  bar  of  the  panels.  The  configuration  of 
thermowells,  equipment  housing  and  thermoscreen  for  each  site  is  shown  in  Figure  2. 

2.2       Sampling  and  Data  Recovery 

2.2.1  Landfill  Gas 

Prior  to  a  site  visit  three  500  ml  glass  gas  sampling  bulbs  were  purged  with  helium,  one 
for  each  well  to  be  sampled  (all  three  wells  at  each  site  were  sampled  during  each  visit).  A  gas 
sampling  bulb  was  connected  to  the  valve  at  the  top  of  the  thermowell  using  a  short  section  of 
tygon  tubing;  the  other  end  of  the  gas  sampling  bulb  was  connected  to  a  12VDC  vacuum  pump 
also  using  tygon  tubing.  All  the  valves  were  opened,  the  pump  turned  on  and  allowed  to  run  for 
at  least  10  minutes  to  ensure  that  the  bulb  was  completely  flushed  with  landfill  gas.  After  10 
minutes  the  valves  were  closed  and  the  pump  turned  off.  The  gas  sampling  set  up  was 
disassembled  and  the  thermowell  valve  closed  once  again.  Gas  samples  were  analyzed  as  soon 
as  possible  after  a  collecting  trip. 

2.2.2  Gas  Chromatographic  Analysis 

The  gas  chromatograph  used  was  a  Shimadzu  GC-8A  equipped  with  an  80/100  Molecular 
Sieve  5 A  column,  an  80/100  Porapack  Q  column  and  a  thermal  conductivity  detector.  Samples 
were  injected  using  a  Hamilton  1802RN  gas-tight  syringe.  Optimal  operating  conditions  for  the 
gas  chromatography  were  determined  by  using  a  Scott  standardized  mixed  gas  sample  which 
contained  1%  each  of  H2,  O2,  CO2  and  CH4  in  N2.  Optimal  operating  conditions  were  as  follows: 
Column  temperature  50°C 
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Figure  2.        Site  Configurations 
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Samples  from  each  depth  were  injected  in  triplicate  onto  each  column  and  the  average 
peak  height  was  compared  to  a  known  standard  to  determine  the  percentage  of  each  specific  gas 
component.  The  molecular  sieve  5 A,  Column  1,  can  resolve  N2,  H2,  O2  and  CH4.  The  Porapak 
Q,  Column  2,  can  resolve  CH4  and  CO2;  N2  and  O2  appear  as  a  single  peak.  Typical 
chromatograms  for  both  columns  are  found  in  Figure  3. 

2.3       Temperature  Data 

The  CR-21  microloggers  were  programmed  according  to  the  prescribed  procedures  in  the 
Manual  (2).  The  keying  procedure  for  our  particular  application  is  included  herein  (Appendix 


To  recover  data  stored  in  the  SM-16  solid-state  storage  module  it  is  necessary  to  dump 
the  data  onto  a  cassette  deck  as  previously  mentioned  and  decode  this  data.  The  data  on  the  tape 
was  decoded  by  playing  it  back  through  a  Campbell  Scientific  C-20  cassette  decoder  hooked  up 
to  a  printer  which  prints  out  the  data  according  to  the  specified  output  table  programming.  The 
C-20  may  also  be  connected  to  a  PC  via  it's  RS-232  interface,  if  further  processing  of  the  data 
is  desired  or  if  the  default  output  format  of  the  Campbell  Scientific  equipment  is  not  appropriate. 
A  software  package  was  developed  that  converted  the  raw  data  into  a  monthly  report  format 
better  suited  to  our  needs. 

Details  of  the  complete  apphcations  and  programming  capabilities  of  the  Campbell 
Scientific  data  logging  equipment  can  be  found  in  their  Operator's  Manual  (2).  Further  details 
(construction,  installation,  gas  sampling  and  programming)  are  found  elsewhere  in  this  report  and 
in  the  appendices  included. 
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Figure  3.        Typical  Gas  Chromatograms  of  Landfill  Gas 
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3  RESULTS 

3.1  Temperature  Data 

Temperature  data  were  logged  at  Leduc  from  September,  1983  to  June,  1987  and  at 
Pincher  Creek  from  December,  1983  to  May,  1987.  Several  interruptions  did  occur  due  to 
battery  or  equipment  failure  during  the  study  however  these  were  usually  of  a  short  duration  and 
didn't  have  a  great  effect  on  the  overall  results  of  the  study. 

3.2  Leduc  Regional  Sanitary  Landfill 

Temperature  data  for  the  Leduc  site  is  found  in  Figure  4  and  Tables  1  through  5.  The 
outside  temperature  extremes  during  the  study  period  ranged  from  a  maximum  of  +33.5°C  to  a 
minimum  of  -36.6°C. 

Temperature  limits  in  the  three  wells  were  as  follows: 
8  ft.  well:  max  +14.5°C  min  +5.4°C 

15  ft.  well:  max  +13.4°C  min  +7.9°C 

20  ft.  well:  max  +15.2°C  min  +9.7°C 

3.3  Pincher  Creek  Regional  Sanitary  Landfill 

Temperature  data  for  the  Pincher  Creek  site  can  be  found  in  Figure  5  and  Tables  6 
through  10.  The  outside  temperature  extremes  during  the  study  period  ranged  from  a  maximum 
of  +32.4°C  to  a  minimum  of  -39.5°C. 

Temperature  limits  in  the  three  wells  were  as  follows: 

8  ft.  well:  max  +16.5°C  min  +6.2°C 

12  ft.  well:  max  +15.9°C  min  +7.6°C 

18  ft.  well:  max  +13.5°C  min  +9.1°C 
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Figure  4.        Leduc  Temperature  Data 
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Figure  5.        Pincher  Creek  Temperature  Data 
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3.4       Gas  Composition  Data 

Attempts  were  made  to  visit  each  site  3  to  4  times  per  year  to  ensure  our  monitoring 
equipment  and  batteries  were  in  good  operating  condition  and  also  to  sample  landfill  gases.  Each 
well  was  sampled  during  each  visit  however  occasionally  technical  problems  arose  with  our 
sampling  bulbs  that  resulted  in  the  absence  of  data  for  one  of  the  wells.  As  with  the  temperature 
data  the  missing  gas  composition  data  is  not  of  significant  enough  proportions  to  prevent  us  from 
observing  the  trends  occurring  in  these  sites. 

3.4.1  Leduc  Regional  Landfill 

Gas  composition  data  for  the  Leduc  site  is  found  in  Figure  6  and  Table  11.  The  major 
gas  of  interest,  methane  (CH4),  varied  from  0%  to  46%  composition  over  the  course  of  this  study. 

3.4.2  Pincher  Creek  Regional  Landfill 

Gas  composition  data  for  the  Pincher  Creek  site  is  found  in  Figure  7  and  Table  12.  The 
major  gas  of  interest,  methane  (CH4),  varied  from  0%  to  23%  composition  over  the  course  of  this 
study. 
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gure  6.       Leduc  Gas  Composition 
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Figure  7.        Pincher  Creek  Gas  Composition 
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4  DISCUSSION 

The  present  study  was  intended  to  lay  the  groundwork  for  more  extensive  research  on 
problems  associated  with  the  process  of  biodegradation  of  organic  wastes  in  Alberta  landfills. 

A  landfill  can  be  considered  as  a  giant  solid-state  batch  bioreactor  where  organic  wastes 
are  converted  to  gas  (carbon  dioxide  and  methane)  by  anaerobic  microorganisms  under 
environmental  conditions  which  are  essentially  uncontrolled.  An  individual  completed  landfill 
cell  can  be  considered  as  a  batch  fermentation  with  a  duration  of  decades  or  longer;  the  process 
may  never  be  completed  in  the  sense  of  complete  conversion  of  organic  wastes  to  gas.  Complete 
conversion  is  not  necessarily  the  desired  objective  of  landfill  management  as  the  accompanying 
surface  subsidence  of  anywhere  up  to  5  to  10  metres  would  present  a  real  problem. 

The  present  study,  approaching  four  years  duration,  is  really  just  a  "snapshot"  in  time 
considering  the  expected  duration  of  decomposition.  Temperature  is  one  of  the  most  significant 
parameters  affecting  any  biological  process  including  waste  decomposition  in  landfills.  The 
simultaneous  monitoring  of  temperature  at  various  depths  within  the  waste  and  ambient 
temperature  in  the  air  above  made  it  possible  to  determine  the  potential  effect  of  dramatic 
seasonal  temperature  swings  in  Alberta  upon  the  activity  of  bacteria  in  the  landfill  and  problems 
associated  with  the  decomposition  process.  Landfill  gas  is  the  final  product  of  decomposition; 
analysis  of  the  landfill  gas  at  various  depths  is  a  good  indicator  of  the  "health"  of  the  process. 

In  Figure  10,  taken  from  Farquhar  and  Rovers  (8),  changes  in  landfill  gas  composition 
are  followed  with  time  as  a  landfill  progresses  from  'youth'  to  'maturity';  four  stages  are 
recognized. 

Stage  I  occurs  immediately  after  completion  of  the  cell  and  is  normally  of  fairly  short 
duration  often  only  a  few  days.  This  is  a  brief  period  of  aerobic  decomposition  during  which 
time  any  oxygen  entrapped  in  the  waste  is  rapidly  used  up;  this  stage  can  often  be  accompanied 
by  the  production  of  heat  and  some  CO2  generation. 

Stage  n  begins  with  the  establishment  of  anaerobic  conditions  once  oxygen  has  been 
consumed.  Anaerobic  bacteria  convert  large  complex  molecules  to  short-chain  fatty  acids,  also 
generating  CO2  and  H2.  No  methane  is  generated  at  this  time  since  the  redox  potential  of  the 
environment  is  not  low  enough  for  fastidious  organisms  such  as  methanogens. 
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Stage  in  begins  with  the  establishment  of  a  low  enough  redox  potential  for  methanogenic 
activity.  Hydrogen  disappears;  methane  and  CO2  production  continue.  Simulated  landfill  cells 
took  anywhere  from  180  to  500  days  to  complete  phases  I,  II  and  III. 

Stage  IV  is  characterized  by  a  stable  ratio  of  C02:CH4  and  can  last  for  many  years.  It 
represents  the  activity  of  a  stable  consortium  of  many  different  bacteria  working  together. 

The  above  is  a  useful  working  model.  However  it  is  difficult  to  say  how  often  it  relates 
to  actual  landfills.  Many  factors  can  upset  the  equilibrium.  Entry  of  oxygen  into  the  waste  either 
from  the  surface  or  via  groundwater  and  precipitation  will  inhibit  methane  production.  Too  rapid 
accumulation  of  fatty  acids  can  result  in  pH  low  enough  to  inhibit  bacterial  activity. 

Graphical  treatment  of  temperature  data  from  both  Leduc  (Figure  4)  and  Pincher  Creek 
(Figure  5)  sites  demonstrates  quite  clearly  that  dramatic  seasonal  swings  in  air  temperatures  are 
buffered  with  increased  efficiency  as  monitoring  depth  increases.  Peaks  and  valleys  for  buried 
probes  were  somewhat  delayed  compared  to  those  at  the  surface.  Probes  at  maximum  depth 
showed  very  little  seasonal  fluctuation.  A  slow  decline  in  average  temperature  in  the  waste  was 
seen  over  the  monitoring  period  (Tables  13  &  14).  The  temperatures  recorded  within  the  waste 
(9.0  -  15°C)  fall  well  within  the  normal  range  recorded  for  methane  generation  in  anaerobic 
digestion  or  test  landfill  cells  (5,  13,  15,  17). 

Observed  gas  analysis  values  can  be  related  to  the  model  of  Farquhar  and  Rovers  (Figure 
10).  It  is  to  be  expected  that  landfill  gas  in  the  shallow  (8')  sampling  wells  is  likely  to  be 
contaminated  with  oxygen  and  nitrogen  as  a  result  of  air  infiltration.  The  relatively  dry  climate 
found  on  the  Canadian  prairies  will  probably  result  in  moisture  levels  in  the  waste  which  are  sub- 
optimal  for  biological  activity;  this  being  so,  gas  production  is  probably  less  than  at  lower  depths 
allowing  more  significant  air  infiltration. 

Data  from  the  lower  levels  of  both  Leduc  and  Pincher  Creek  sites  fit  best  in  mid  Phase 
in  of  the  Farquhar  and  Rovers  model;  methane  and  carbon  dioxide  are  stabilizing,  nitrogen  is 
still  present. 

The  8'  well  data  from  Leduc  (Table  11,  Figure  6)  are  indicative  of  air  with  elevated  CO2 
levels;  methane  was  either  absent  or  present  in  trace  amounts.  Clearly  the  gas  phase  at  8'  is 
being  infiltrated  by  surface  air. 

Apart  from  an  event  in  early  1985  at  the  20'  sampling  level,  which  could  have  been  a 
sampling  artifact,  data  for  15'  and  20'  levels  from  Leduc  fit  Phase  HI  of  Farquhar' s  model 
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particularly  in  the  last  year  of  sampling:  a  reasonably  stable  ratio  of  methane: carbon  dioxide. 
The  continuing  presence  of  significant  levels  of  nitrogen  («  25%)  indicates  that  air  is  still 
infiltrating  from  the  surface  though  most  oxygen  is  scavenged  out  by  the  time  it  reaches  this 
depth.  Levels  of  methane  in  the  30  -  40%  range  were  achieved. 

It  should  be  noted  that  even  the  residual  levels  of  oxygen  recorded  at  these  lower  wells 
would  be  sufficient  to  inhibit  biological  methane  production  if  they  were  uniform.  Almost 
certainly  however  microenvironments  exist  where  conditions  are  anaerobic  enough  for  methane 
generation  to  take  place.  There  is  no  mechanism  for  mixing  gas  deep  in  the  waste  although  close 
to  the  surface  diurnal  heating  and  cooling  cycles  and  atmospheric  pressure  variations  probably 
generate  a  pumping  action  in  and  out  of  the  gas  spaces  allowing  gas  to  escape  and  air  to  enter 
the  waste. 

Gas  analyses  from  the  Pincher  Creek  site  differed  significantly  from  those  at  Leduc, 
especially  at  the  8'  and  12'  sampUng  wells.  It  is  apparent  from  the  high  levels  of  nitrogen  in  the 
gas  phase  that  there  is  significant  gas  exchange  with  the  air  (Figure  7).  High  levels  of  carbon 
dioxide,  low  oxygen  and  methane  in  the  early  part  of  the  study  indicate  that  biological  activity 
is  sufficient  to  consume  most  of  the  oxygen  entering  with  air  but  insufficient  to  maintain 
conditions  anaerobic  enough  for  significant  methane  production. 

However  a  change  occurred  late  1985/early  1986.  Methane  began  to  accumulate  to 
measurable  levels,  carbon  dioxide  increased  and  nitrogen  decreased  indicating  that  landfill  gas 
production  was  increasing  to  the  point  of  displacing  incoming  air.  The  18'  well  always  showed 
greater  gas  production  and  less  evidence  of  air  penetration  than  shallower  wells,  however 
increased  gas  production  is  seen  in  the  latter  part  of  the  monitoring  period,  mirroring  the  changes 
seen  in  the  shallower  wells. 

The  present  study  demonstrated  that  a  suitable  temperature  regime  for  decomposition  of 
wastes  exist  in  landfills  year  round  despite  wide  seasonal  swings  in  air  temperature.  Rates  of 
decomposition  are  probably  low  since  temperatures  prevailing  in  the  waste  are  below  optimal 
values  for  microbial  metabolism.  For  the  same  reason  it  will  probably  take  Alberta  landfills 
longer  to  come  to  steady  state  with  respect  to  gas  generations  (Phase  IV,  Figure  10)  than  they 
would  in  more  southerly  latitudes.  In  the  case  of  both  sites  covered  by  this  study  gas  production 
was  still  increasing.  Both  sites  were  recently  completed  landfill  cells. 
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The  current  study  can  only  be  regarded  as  a  useful  first  step.  The  information  obtained 
is  insufficient  to  accurately  predict  the  rate  of  decomposition  and  associated  problems  in  existing 
and  future  landfills.  Some  of  the  other  factors  which  need  to  be  taken  into  account  in  order  to 
generate  any  predictive  model  are: 

i)  The  nutrient  balance  of  the  waste  as  it  affects  bacterial  nutrition  (eg.  C:N  ratio). 

ii)  The  degree  to  which  the  waste  has  been  shredded  and  mixed  will  affect  nutrient 
availability. 

iii)  Bulk  density  of  the  waste. 

iv)  Presence  or  absence  of  substances  (eg.  heavy  metals)  toxic  or  inhibitory  to  bacteria. 

5  RECOMMENDATIONS 

Planned  studies  of  decomposition  of  wastes  in  landfills  were  not  realized  due  to 
competing  Departmental  priorities.  Landfilling  as  a  waste  management  strategy  has  lost  favour 
over  the  last  decade.  However  it  still  remains  the  only  serious  option  for  most  municipalities  at 
this  time  combined  with  attempts  to  promote  the  three  "r"s:  reduce,  re-use  and  recycle.  Existing 
completed  landfills  will  likely  continue  to  decompose  for  decades  to  come  with  all  the  associated 
problems. 

A  good  case  can  still  be  made  for  the  need  for  research  into  the  decomposition  of  wastes 
in  municipal  landfills.  The  knowledge  acquired  in  such  studies  would  be  invaluable  in 
management  of  landfills  in  such  a  way  that  problems  could  be  mitigated.  There  is  a  need  for 
information  on  rates  of  decomposition  under  prairie  conditions.  Just  a  few  of  the  questions  which 
need  to  be  answered  are:  What  is  the  effect  of  waste  composition  on  decomposition  and  gas 
production?  Will  shredding  and  mixing  wastes  accelerate  decomposition?  What  is  the  effect  of 
toxic  household  chemicals  upon  decomposition  processes?  Is  there  any  significant  health  risk 
from  trace  components  in  landfill  gas  such  as  vinyl  chloride  or  hydrogen  sulphide  and  if  so  what 
role  does  the  biological  process  of  decomposition  play  in  their  release?  Any  future 
monitoring/research  program  should  probably  include  measurement  of  levels  of  trace  organics 
especially  chlorinated  organics  with  toxic  properties.  Regulations  have  been  proposed  in  the 
United  States  to  control  emissions  of  so-called  non-methane  organic  compounds  (NMOCs)  based 
on  the  use  of  methodology  such  as  EPA  method  25  (18).  Maximum  emission  levels  of  100  Mg 
NMOCs  per  year  have  been  suggested.  In  many  cases  completed  landfill  sites  actively  generating 
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gas  are  used  for  recreational  purposes  such  as  parks  or  golf  courses  and  could  have  the  potential 
for  significant  human  exposure  to  emissions. 

At  the  present  time  it  does  not  seem  likely  that  research  of  this  kind  will  be  carried  out 
at  AEC  in  the  near  future.  However  the  information  contained  in  this  report  should  prove  useful 
for  anyone  contemplating  studies  of  this  kind.  Any  studies  of  decomposition  in  order  to  be 
relevant  to  conditions  on  the  Canadian  prairies  should  be  conducted  at  realistic  temperatures;  the 
few  studies  conducted  to  date  have  been  at  somewhat  higher  temperatures,  reflecting  more 
moderate  climates. 
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Figure  10.      Stages  in  the  Life  of  a  Landfill 
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L  An  initial  Aerobic  phase  in  which  oxygen  is  consumed  and  carbon  dioxide  generated; 
n.       An  Anaerobic  Non-Methanogenic  phase  in  which  carbon  dioxide  production  continues 

and  peaks,  hydrogen  production  begins  and  peaks,  and  in  which  nitrogen  is  steadily 

displaced; 

in.  An  Anaerobic  Methanogenic  Unsteady  phase  in  which  hydrogen  declines  and  disappears, 
methane  increases  to  a  relatively  constant  level,  and  carbon  dioxide  and  nitrogen  decline 
to  constant  levels  ~  the  latter  practically  disappearing;  and 

rV.  An  Anaerobic  Methanogenic  Steady  phase  in  which  the  gas  concentrations  achieved  in 
Phase  3  remain  more  or  less  constant.  Reports  indicate  periods  of  time  anywhere  from 
180  to  500  days  for  completion  of  Phases  1,  2  and  3  under  "simulated"  landfill 
conditions  (from  Farquhar  and  Rovers  (8)). 
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Table  1.        Leduc  Temperature  Data  -  Outside 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

September  1983 

2 

3.2 

11.2 

-3.5 

October  1983 

26 

5.05 

17.8 

-4.5 

January  1984 

9 

-2.4 

5.9 

-25.4 

February  1984 

29 

-2.69 

8.7 

-14.4 

March  1984 

31 

-2.83 

11.3 

-26.3 

April  1984 

29 

6.42 

29.4 

-5.2 

May  1984 

31 

8.99 

21.7 

-3.2 

June  1984 

30 

14.44 

30.5 

2.7 

July  1984 

31 

17.48 

33.5 

7.0 

August  1984 

30 

17.01 

32.1 

2.3 

September  1984 

30 

7.34 

24.1 

-5.0 

October  1984 

31 

1.59 

27.8 

-28.1 

November  1984 

30 

-9.53 

8.7 

-31.5 

December  1984 

16 

-21.08 

1.6 

-36.4 

January  1985 

31 

-9.54 

7.0 

-35.0 

February  1985 

28 

-12.11 

9.1 

-36.2 

March  1985 

31 

-2.11 

11.4 

-20.4 

April  1985 

30 

4.42 

19.1 

-5.3 

May  1985 

29 

12.65 

28.9 

-2.4 

June  1985 

30 

12.97 

26.8 

0.3 

July  1985 

31 

17.81 

31.9 

4.6 

August  1985 

31 

14.16 

30.6 

1.0 

September  1985 

30 

7.12 

19.2 

-6.3 

October  1985 

31 

3.38 

18.7 

-7.0 

November  1985 

30 

-13.73 

9.4 

-34.3 

December  1985 

31 

-3.14 

8.4 

-31.1 

January  1986 

31 

-5.64 

9.6 

-19.4 

February  1986 

28  • 

-12.86 

13.1 

-36.6 

25 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

March  1986 

31 

0.67 

15.4 

-16.0 

April  1986 

30 

3.56 

23.7 

-13.1 

May  1986 

31 

12.13 

32.7 

-4.7 

June  1986 

30 

15.08 

28.6 

2.2 

July  1986 

31 

14.94 

27.8 

7.0 

August  1986 

31 

16.13 

30.2 

3.2 

September  1986 

30 

8.12 

20.9 

-3.1 

October  1986 

31 

6.43 

22.6 

-9.4 

November  1986 

30 

-8.3 

11.6 

-26.9 

December  1986 

31 

-5.41 

4.9 

-22.0 

January  1987 

31 

-5.99 

9.4 

-20.6 

February  1987 

28 

-4.38 

8.9 

-18.9 

Marcn  lyo/ 

1  / 

13. Z 

-zU.J 

April  1987 

14 

8.54 

28.6 

-3.4 

May  1987 

31 

11.85 

30.2 

-6.2 

June  1987 

10 

15.56 

27.4 

4.6 
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Table  2.        Leduc  Temperature  Data  -  Equipment  Housing 


DATE 

DAYS  OF  DATA 

AVERAGE 

(°C) 

MAXIMUM 

(°C) 

MINIMUM 

(°C) 

September  1983 

2 

12.8 

12.8 

12.6 

October  1983 

26 

10.7 

12.6 

8.9 

January  1984 

9 

-3.1 

-2.4 

-5.3 

February  1984 

29 

-1.3 

-0.9 

-2.4 

March  1984 

31 

-0.7 

0.0 

-1.3 

April  1984 

29 

3.0 

19.3 

0.1 

May  1984 

31 

8.9 

11.3 

6.8 

June  1984 

30 

13.9 

17.1 

11.2 

July  1984 

31 

17.6 

20.4 

17.1 

August  1984 

30 

21.1 

25.1 

19.2 

September  1984 

30 

14.9 

19.2 

10.4 

October  1984 

31 

10.0 

12.1 

6.0 

November  1984 

30 

3.7 

6.0 

2.3 

December  1984 

16 

-1.9 

2.3 

-5.1 

January  1985 

31 

-4.5 

-3.1 

-5.5 

February  1985 

28 

-6.6 

-4.4 

-8.3 

March  1985 

31 

-2.9 

-1.6 

-4.4 

April  1985 

30 

-0.9 

-0.1 

-1.6 

May  1985 

29 

7.8 

13.4 

-0.2 

June  1985 

30 

13.9 

14.8 

13.1 

July  1985 

31 

18.8 

19.9 

14.8 

August  1985 

31 

18.9 

21.1 

17.2 

September  1985 

30 

14.2 

17.2 

10.1 

October  1985 

31 

8.0 

10.1 

5.8 

November  1985 

30 

3.2 

5.8 

0.1 

December  1985 

31 

-1.8 

0.1 

-3.1 
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DATE  DAYS  OF  DATA     AVERAGE     MAXIMUM  MINIMUM 


CC)  CO  CO 


January  1986 

31 

-1.8 

-1.2 

-2.2 

February  1986 

28 

-3.7 

-2.2 

-5.5 

March  1986 

31 

-1.5 

-0.6 

-3.7 

April  1986 

30 

1.7 

5.5 

-0.6 

May  1986 

31 

8.5 

14.6 

5.2 

June  1986 

30 

17.1 

17.7 

14.6 

July  1986 

31 

17.2 

17.7 

16.5 

August  1986 

31 

18.3 

19.0 

16.7 

September  1986 

30 

15.6 

18.9 

12.1 

October  1986 

31 

9.6 

12.2 

7.3 

November  1986 

30 

3.6 

7.3 

1.6 

December  1986 

31 

0.5 

1.6 

-0.4 

January  1987 

31 

-1.7 

-0.4 

-2.9 

February  1987 

28 

-2.2 

-1.6 

-3.1 

March  1987 

17 

-2.4 

-1.6 

-2.7 

April  1987 

14 

0.3 

3.5 

-0.2 

May  1987 

31 

10.6 

12.9 

3.5 

June  1987 

10 

14.1 

15.5 

12.9 

28 


Table  3.         Leduc  Temperature  Data  -  8'  Sampling  Well 


ri  ATP 

r>AV^  OF  DATA 

\A  A  YTAyf  T  ]\A 
iVl/\V\.llVl  U  iVl 

(°C) 

\yfTlSJT\yf T  TA/f 
iVlJiN  liVl  U  JVl 

CQ 

September  1983 

2 

11.7 

11.7 

11.7 

October  1983 

26 

11.9 

11.9 

11.7 

January  1984 

9 

9.2 

9.4 

9.1 

February  1984 

29 

8.6 

9.1 

8.2 

March  1984 

31 

8.0 

8.2 

1.1 

April  1984 

29 

7.6 

7.7 

7.5 

May  1984 

31 

8.0 

8.5 

7.6 

June  1984 

30 

9.1 

9.8 

8.5 

July  1984 

31 

10.4 

11.6 

9.8 

August  1984 

30 

12.6 

13.4 

11.6 

September  1984 

30 

13.7 

14.5 

13.4 

October  1984 

31 

13.5 

13.8 

13.2 

November  1984 

30 

12.5 

13.2 

11.8 

December  1984 

16 

10.7 

11.8 

10.1 

January  1985 

31 

9.2 

10.1 

8.3 

February  1985 

28 

7.5 

8.3 

6.8 

March  1985 

31 

6.2 

6.8 

5.7 

April  1985 

30 

5.5 

5.7 

5.5 

May  1985 

29 

5.9 

6.7 

5.5 

June  1985 

30 

7.6 

8.4 

6.7 

July  1985 

31 

9.3 

10.4 

8.4 

J 1 

1  1  4 

19  9 

September  1985 

30 

12.5 

12.7 

12.2 

October  1985 

31 

12.4 

12.7 

11.9 

November  1985 

30 

11.3 

11.9 

10.6 

December  1985 

31 

9.8 

10.7 

8.9 

29 


DATE 

DAYS  OF  DATA 

AVERAGE 

CC) 

MAXIMUM 

CO 

MINIMUM 

(C) 

January  1986 

31 

8.3 

8.9 

7.7 

February  1986 

28 

7.2 

1.1 

6.7 

March  1986 

31 

6.2 

6.7 

5.8 

April  1986 

30 

5.7 

5.8 

5.7 

May  1986 

31 

6.2 

6.7 

5.8 

June  1986 

30 

7.6 

8.7 

6.6 

July  1986 

31 

9.5 

10.3 

8.7 

August  1986 

31 

10.9 

11.7 

10.3 

September  1986 

30 

12.3 

12.5 

11.7 

October  1986 

31 

12.4 

12.7 

12.1 

November  1986 

30 

11.6 

12.1 

10.9 

December  1986 

31 

10.1 

10.9 

9.3 

January  1987 

31 

8.6 

9.3 

7.9 

February  1987 

28 

7.4 

7.9 

6.8 

March  1987 

17 

6.5 

6.8 

5.9 

April  1987 

14 

5.5 

5.6 

5.4 

May  1987 

31 

5.8 

6.5 

5.4 

June  1987 

10 

6.8 

7.1 

6.5 

30 


Table  4.         Leduc  Temperature  Data  -  15'  Sampling  Well 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

CQ 

CQ 

(°C) 

September  1983 

2 

11.1 

11.1 

11.1 

October  1983 

26 

11.7 

12.0 

11.1 

January  1984 

9 

12.4 

12.5 

12.3 

February  1984 

29 

12.1 

12.4 

11.8 

March  1984 

31 

11.5 

11.8 

11.2 

April  1984 

29 

10.9 

11.3 

10.7 

May  1984 

31 

10.6 

10.7 

10.5 

June  1984 

30 

10.6 

10.7 

10.5 

Julv  1984 

31 

11.0 

11.3 

10.7 

August  1984 

30 

11.7 

12.1 

1 1  2 

September  1984 

30 

12.5 

12.9 

12.1 

October  1984 

31 

13.2 

13.3 

12.9 

November  1984 

30 

13.3 

13.4 

13.2 

December  1984 

16 

12.9 

13.2 

12.7 

January  1985 

31 

12.3 

12.7 

11.9 

February  1985 

28 

11.5 

12.0 

11.1 

March  1985 

31 

10.5 

11.1 

10.0 

April  1985 

30 

9.6 

10.0 

9.1 

May  1985 

29 

8.9 

9.2 

8.7 

June  1985 

30 

8.8 

9.0 

8.7 

July  1985 

31 

9.2 

9.6 

8.9 

August  1985 

31 

10.0 

10.6 

9.6 

September  1985 

30 

11.0 

11.4 

10.6 

October  1985 

31 

11.6 

11.8 

11.4 

November  1985 

30 

11.8 

11.8 

11.6 

December  1985 

31 

11.5 

11.7 

11.2 

31 


DATE 

DAYS  OF  DATA 

AVERAGE 

CO 

MAXIMUM  MINIMUM 

CO  iC) 

January  1986 

31 

10.8 

11.2 

10.4 

February  1986 

28 

10.1 

10.4 

9.8 

March  1986 

31 

9.4 

9.8 

9.0 

April  1986 

30 

8.7 

9.0 

8.4 

May  1986 

31 

8.3 

8.4 

8.2 

June  1986 

30 

8.3 

8.4 

8.2 

July  1986 

31 

8.8 

9.2 

8.4 

August  1986 

31 

9.6 

10.0 

9.2 

September  1986 

30 

10.4 

10.8 

10.0 

October  1986 

31 

11.1 

11.2 

10.7 

November  1986 

30 

11.3 

11.4 

11.2 

December  1986 

31 

11.1 

11.3 

10.8 

January  1987 

31 

10.6 

10.8 

10.2 

February  1987 

28 

9.9 

10.2 

9.6 

March  1987 

17 

9.3 

9.6 

8.9 

April  1987 

14 

8.4 

8.6 

8.2 

May  1987 

31 

8.1 

8.3 

7.8 

June  1987 

10 

8.0 

8.1 

7.9 

32 


Table  5.         Leduc  Temperature  Data  -  20'  Sampling  Well 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

(°C) 

(°C) 

CQ 

September  1983 

2 

14.8 

14.9 

14.8 

October  1983 

26 

14.8 

15.0 

14.7 

January  1984 

9 

15.1 

15.2 

15.0 

February  1984 

29 

15.0 

15.1 

14.9 

March  1984 

31 

14.8 

15.0 

14.7 

April  1984 

29 

14.5 

14.7 

14.3 

May  1984 

31 

14.2 

14.5 

13.9 

June  1984 

30 

13.9 

14.1 

13.6 

Julv  1984 

31 

13.7 

13.8 

13.5 

August  1984 

30 

n  5 

13  6 

13  3 

September  1984 

30 

13.5 

13.5 

13.4 

October  1984 

31 

13.5 

13.6 

13.5 

November  1984 

30 

13.7 

13.7 

13.5 

December  1984 

16 

13.7 

13.8 

13.6 

January  1985 

31 

13.6 

13.7 

13.5 

February  1985 

28 

13.4 

13.6 

13.3 

March  1985 

31 

13.2 

13.4 

12.9 

April  1985 

30 

12.8 

13.0 

12.5 

May  1985 

29 

12.4 

12.6 

12.1 

June  1985 

30 

11.9 

12.2 

11.6 

July  1985 

31 

11.6 

11.8 

11.5 

August  1985 

31 

11.5 

10.4 

12.2 

September  1985 

30 

11.5 

11.6 

11.4 

October  1985 

31 

11.5 

11.7 

11.5 

November  1985 

30 

11.7 

11.7 

11.6 

December  1985 

31 

11.8 

11.8 

11.7 

33 


DATE  DAYS  OF  DATA     AVERAGE     MAXIMUM  MINIMUM 


CQ  CO  CO 


January  1986 

31 

11.7 

11.8 

11.6 

February  1986 

28 

11.6 

11.6 

11.5 

March  1986 

31 

11.3 

11.5 

11.1 

April  1986 

30 

11.0 

11.2 

10.8 

May  1986 

31 

10.7 

10.9 

10.6 

June  1986 

30 

10.5 

10.6 

10.3 

July  1986 

31 

10.3 

10.4 

10.1 

August  1986 

31 

10.1 

10.2 

10.1 

September  1986 

30 

10.2 

10.3 

10.1 

October  1986 

31 

10.4 

10.5 

10.2 

November  1986 

30 

10.5 

10.7 

10.4 

December  1986 

31 

10.7 

10.7 

10.6 

January  1987 

31 

10.7 

10.7 

10.7 

February  1987 

28 

10.7 

10.7 

10.6 

March  1987 

17 

10.5 

10.6 

10.3 

April  1987 

14 

10.1 

10.2 

10.0 

May  1987 

31 

10.0 

10.1 

9.7 

June  1987 

10 

9.8 

9.9 

9.7 

34 


Table  6.         Pincher  Creek  Temperature  Data  -  Outside 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

December  1983 

19 

-19.08 

2.7 

-39.5 

Tanuarv  1 984 

31 

-2.72 

11.0 

-32.0 

February  1984 

29 

1.1 

13.6 

-11.2 

March  1984 

31 

-0.95 

10.8 

-19.2 

Aoril  1984 

30 

4.54 

25.8 

-8.5 

Mav  1984 

9 

5.03 

17.8 

-5.3 

August  1984 

27 

18.02 

32.4 

-0  7 

September  1984 

30 

7.48 

28.1 

-11.0 

October  1984 

31 

2.39 

25.0 

-30.1 

November  1984 

30 

-1.36 

6.7 

-29.8 

December  1984 

31 

-11.71 

6.3 

-33.3 

January  1985 

29 

-6.43 

8.2 

-32.8 

Februarv  1985 

28 

-7.47 

8.7 

-33.6 

March  1985 

31 

-0.013 

13.8 

-15.1 

Anril  1985 

30 

5.83 

21.4 

-6  5 

May  1985 

1 

13.7 

23.1 

4.0 

October  1985 

25 

4.38 

17.8 

-14.4 

November  1985 

30 

-13.05 

11.5 

-36.3 

December  1985 

31 

-3.33 

11.3 

-32.7 

January  1986 

31 

0.77 

12.1 

-13.1 

Februarv  1986 

26 

-7.82 

14.7 

-38.9 

March  1986 

31 

4.15 

18.5 

-9.1 

Ar»ril    1  Qfi/^ 

A.pru  lyoo 

J.oO 

0  1  '7 

Zl.  / 

May  1986 

31 

10.5 

31.8 

-5.3 

June  1986 

30 

15.57 

31.9 

4.1 

July  1986 

31 

15.16 

29.3 

3.4 

August  1986 

31 

17.37 

31.8 

0.4 

35 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

September  1986 

30 

7.13 

23.3 

-2.6 

October  1986 

31 

8.53 

21.0 

-15.2 

November  1986 

30 

-3.61 

10.1 

-30.7 

December  1986 

31 

-1.66 

8.0 

-17.4 

January  1987 

31 

-2.06 

8.6 

-23.8 

February  1987 

28 

-0.21 

12.0 

-26.3 

March  1987 

21 

0.37 

16.9 

-11.4 

April  1987 

5 

13.22 

25.5 

2.8 

May  1987 

2 

11.9 

21.1 

0.1 

36 


Table  7.         Pincher  Creek  Temperature  Data  -  Equipment  Housing 


DATE 

DAYS  OF  DATA 

AVERAGE 

(°C) 

MAXIMUM 

MINIMUM 

December  1983 

19 

3.8 

6.0 

-1.0 

Tjiniiarv  1Q84- 

31 

2.9 

3.7 

1  6 

X  .\J 

Februarv  1984 

29 

4.8 

5.2 

3  5 

March  1984 

31 

5.0 

5.6 

4.5 

7  6 

9  4 

5  6 

Mav  1984 

Q 

9  1 

^ .  X 

9  4 

8  8 

AUgUSl  l!70'+ 

97 

91  Q 

9Q  n 

91  n 

September  1984 

30 

17.2 

21.0 

12.5 

October  1984 

31 

11.7 

13.9 

8.2 

November  1 984 

30 

5.8 

8.2 

4.0 

December  1984 

31 

2.5 

4.0 

-4.6 

Januarv  1985 

29 

-0.5 

-0.1 

-0.9 

Febniarv  1985 

28 

-1  9 

-0.2 

-2  7 

Marrh  1985 

J  X 

-0  8 

-0  1 

V/.  X 

-1  5 

Anril  1QR5 
/\piii  Vyoj 

1  Q 

4  3 

-0  1 

May  1985 

1 

4.4 

4.6 

4.3 

October  1985 

25 

8.1 

10.1 

-1.0 

November  1985 

30 

5.8 

7.6 

4.2 

December  1985 

31 

3.3 

4.2 

2.9 

Taniiarv  1086 

J  X 

1  9 

9  9 

1  0 

X  .V/ 

Fehniarv  1986 

16 

1  0 

1  4 

0  Q 

March  1986 

J  X 

1 

3  9 

0  7 

April  19oo 

30 

A  A 

4.4 

5.3 

3.2 

May  1986 

31 

6.9 

10.3 

5.3 

June  1986 

30 

13.1 

14.8 

10.3 

July  1986 

31 

15.7 

16.4 

14.8 

August  1986 

31 

17.8 

18.7 

16.3 

37 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUxM 

CC) 

CC) 

(  C) 

September  1986 

30 

14.4 

18.7 

4.3 

October  1986 

31 

8.0 

16.3 

3.6 

November  1986 

30 

4.4 

8.3 

0.5 

December  1986 

31 

2.3 

2.7 

1.8 

January  1987 

31 

1.2 

1.8 

0.8 

February  1987 

28 

0.7 

0.8 

0.7 

March  1987 

21 

0.6 

0.7 

0.2 

April  1987 

5 

4.7 

9.8 

1.6 

May  1987 

2 

11.0 

12.6 

9.5 

38 


Table  8.         Pincher  Creek  Temperature  Data  -  8'  Sampling  Well 


JJ/V  I  o  KJr  UJ\  1  /\ 

AVFP  Anp 

(°C) 

iVl/vA  JiVl  U  iVl 

iVlJi>  JJVl  U  JVl 

CQ 

December  1983 

19 

16.1 

16.7 

15.6 

January  1984 

31 

15.3 

15.9 

14.8 

February  1984 

29 

14.2 

14.9 

13.5 

March  1984 

31 

12.9 

13.5 

12.4 

April  1984 

30 

12.3 

12.4 

12.1 

May  1984 

9 

12.4 

12.5 

12.2 

August  1984 

27 

15.4 

15.9 

14.8 

September  1984 

30 

16.3 

16.5 

15.9 

October  1984 

31 

15.6 

16.5 

15.7 

November  1984 

30 

15.3 

15.8 

14.6 

December  1984 

31 

13.9 

14.6 

13.0 

January  1985 

29 

12.2 

13.0 

11.2 

February  1985 

28 

10.4 

11.3 

9.7 

March  1985 

31 

9.0 

9.8 

8.4 

April  1985 

30 

8.1 

8.5 

7.8 

May  1985 

1 

7.9 

7.9 

7.9 

October  1985 

25 

13.4 

14.0 

12.7 

November  1985 

30 

11.9 

12.7 

11.1 

December  1985 

31 

10.3 

11.1 

9.5 

January  1986 

31 

8.9 

9.5 

8.1 

February  1986 

26 

7.7 

8.1 

7.3 

March  1986 

31 

6.9 

7.3 

6.5 

April  1986 

30 

6.5 

6.5 

6.4 

May  1986 

31 

6.7 

7.0 

6.5 

June  1986 

30 

7.4 

8.5 

7.0 

July  1986 

31 

9.5 

10.5 

8.5 

August  1986 

31 

11.3 

12.2 

10.4 

39 


DATE 

DAYS  OF  DATA 

AVERAGE 

MAXIMUM 

MINIMUM 

CO 

rc) 

CC) 

September  1986 

30 

12.3 

14.2 

12.2 

October  1986 

31 

11.7 

12.5 

11.2 

November  1986 

30 

10.8 

11.2 

10.1 

December  1986 

31 

9.4 

10.1 

8.7 

January  1987 

31 

8.1 

8.7 

7.5 

February  1987 

28 

7.1 

7.5 

6.7 

March  1987 

21 

6.4 

6.7 

6.2 

April  1987 

5 

5.7 

6.3 

5.6 

May  1987 

2 

6.4 

6.4 

6.3 

40 


Table  9.         Pincher  Creek  Temperature  Data  -  12'  Sampling  Well 


DATF 

DAYS  OF  DATA 

AVERAGE 

iV  V  J— /XV./\.  VJ  -L/ 

MAXIMUM 

lTXil-/^VX-LTX  J.VX 

CQ 

MTNTMT IM 

CQ 

December  1983 

19 

15.7 

15.9 

15.5 

January  1984 

31 

15.3 

15.7 

15.0 

February  1984 

29 

14.5 

15.0 

14.1 

March  1984 

31 

13.7 

14.1 

13.4 

April  1984 

30 

13.0 

13.4 

12.8 

May  1984 

9 

12.7 

12.8 

12.7 

August  1984 

27 

13.2 

13.4 

12.9 

September  1984 

30 

13.7 

13.9 

13.4 

October  1984 

31 

14.1 

14.2 

13.9 

November  1984 

30 

14.1 

14.2 

13.9 

December  1984 

31 

13.7 

13.9 

13.3 

January  1985 

29 

12.9 

13.3 

12.4 

February  1985 

28 

12.0 

12.4 

11.6 

March  1985 

31 

11.1 

11.6 

10.6 

April  1985 

30 

10.2 

10.6 

9.8 

May  1985 

1 

9.8 

9.8 

9.7 

October  1985 

25 

12.0 

12.0 

11.8 

November  1985 

30 

11.7 

11.9 

11.5 

December  1985 

31 

11.2 

11.5 

10.8 

January  1986 

31 

10.4 

10.8 

10.1 

February  1986 

26 

9.7 

10.1 

9.5 

March  1986 

31 

9.1 

9.5 

8.8 

April  1986 

30 

8.6 

8.8 

8.3 

May  1986 

31 

8.3 

8.3 

8.2 

June  1986 

30 

8.2 

8.3 

8.2 

July  1986 

31 

8.6 

9.0 

8.3 

August  1986 

31 

9.3 

9.7 

9.0 

41 


DATE  DAYS  OF  DATA     AVERAGE     MAXIMUM  MINIMUM 


CC)  CO  CO 


September  1986 

30 

10.1 

13.1 

9.1 

October  1986 

31 

10.8 

11.2 

10.7 

November  1986 

30 

10.7 

10.8 

10.6 

December  1986 

31 

10.3 

10.6 

10.1 

January  1987 

31 

9.8 

10.1 

9.5 

February  1987 

28 

9.2 

9.5 

9.0 

March  1987 

21 

8.7 

9.0 

8.5 

April  1987 

5 

7.9 

8.2 

7.6 

May  1987 

2 

7.6 

7.6 

7.6 

42 


Table  10.       Pincher  Creek  Temperature  Data  -  18'  Sampling  Well 


DATE 

DAYS  OF  DATA 

AVERAGE 

(°C) 

MAXIMUM 

(°C) 

MINIMUM 

(°C) 

December  1983 

19 

13.5 

13.5 

13.5 

Taniiarv  1 984 

31 

13.5 

13.5 

13.4 

February  1984 

29 

13.3 

13.5 

13.2 

March  1984 

31 

13.1 

13.2 

12.9 

Anril  1984 

30 

12.8 

12  9 

19  7 

Mav  1984 

9 

12.6 

12.7 

12.6 

'27 

19  0 

19  0 

19  0 

September  1984 

30 

12.0 

12.0 

12.0 

October  1984 

31 

12.0 

12.1 

12.0 

November  1984 

30 

12.2 

12.2 

12.1 

December  1984 

31 

12.3 

12.3 

12.2 

January  1985 

29 

12.2 

12.3 

12.1 

Februarv  1985 

28 

12.0 

12.1 

1 1  9 

March  1985 

i.TXCXXWXX  l.^\JitJ 

31 

11.7 

11.9 

11.6 

Anril  1Q8S 

1 1  4 

1 1  6 

1 1  1 
11.1 

May  1985 

1 

11.1 

11.1 

11.1 

October  1985 

25 

10.6 

10.7 

10.5 

November  1985 

30 

10.7 

10.7 

10.7 

December  1985 

31 

10.7 

10.7 

10.7 

January  1986 

31 

10.6 

10.7 

10.5 

Februarv  1986 

10  4 

10  5 

IV/.  J 

10  4 

March  1986 

31 

10.2 

10.4 

10.1 

April  lyoo 

it\ 
3U 

lU.U 

lU.l 

9.5 

May  1986 

31 

9.7 

9.8 

9.6 

June  1986 

30 

9.5 

9.6 

9.4 

July  1986 

31 

9.4 

9.5 

9.3 

August  1986 

31 

9.3 

9.4 

9.3 
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DATE 

DAYS  OF  DATA 

AVERAGE 

(°C) 

MAXIMUM 

MINIMUM 

(    v_  I 

September  lyoo 

JKJ 

o  < 

y.j 

1  l.U 

9. 1 

Ortnher 

31 

9.6 

Q  7 

l>VJVCHiUCl  1-70\J 

30 

9  8 

Q  Q 

Q  7 

UcLClIlDer  l^OD 

1 

Q  Q 

Q  Q 

y  .o 

January  lyo/ 

Q  Q 

1  n  n 
1  u.u 

Q  Q 

rcDiuary  lyo/ 

Q  0 
y.y 

Q  Q 

Q  8 

March  1987 

21 

9.7 

9.8 

9.6 

April  1987 

5 

9.4 

9.6 

9.1 

May  1987 

2 

9.1 

9.1 

9.1 
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Table  13.       Average  Annual  Well  Temperatures  for  Leduc 


Well 

Year 

Depth 

1984 

1985 

1986 

8' 

10.3°C 

9.1°C 

9.0°C 

15' 

11.9°C 

10.6°C 

9.8°C 

20' 

14.1°C 

12.2° 

10.8°C 

Table  14.       Average  Annual  Well  Temperatures  for  Pincher  Creek 


Well 

Year 

Depth 

1984 

1985 

1986 

8' 

14.4°C 

10.4°C 

9.1°C 

12' 

13.8°C 

11.4°C 

9.5°C 

18' 

12.6°C 

11.3°C 

9.8°C 
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APPENDIX  1.0 
KEYING  PROCEDURE  FOR  MICROLOGGERS  AT 
LEDUC  AND  PINCHER  CREEK  SANITARY  LANDFILL  SITES 


SET  CLOCK 

'X7"V^'\T  TXT. 

KEY  IN: 

UlJbrLAY: 

U  J . 

A 

91:0000 

80  (Julian  Day) 

91:80 

A 

92:0000 

93:0000 

10  (Minutes) 

93:10. 

A 

05: 

CLOCK  SET  IS  NOW  COMPLETE  THE  SECONDS  ARE  SET  TO  ZERO  AND  WILL  BE 
SYNCRONIZED  WITHIN  10  SECONDS  WHEN  THE  NEXT  *  COMMAND  IS  KEYED  IN 
ie.  *0  (LOG  DATA). 


*0 


INPUT  TABLE 
KEY  IN: 
#4 

1  (Input  Channel  1) 
A 

7  (101  Temperature  Probe) 
A 

1  (Multiplier  for  °C) 
A 

0  (Offset  for  °C) 

A  (Advances  to  input  for  Channel  2) 

10  (102  Temperature  Probe) 

A 


99:1210 

(Logger  is  compiling  data,  display 
shows  current  time) 

DISPLAY: 

04: 

04:1 

11:0000 

11:7 

12:0000 

12:1 

13:0000 

13:0000 

21:0000 

21:10 

22:0000 
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1  (multiplier  for  °C)  22:1 

A  23:0000 

0  (Offset  for  °C)  23:0000 
A  (Advances  to  input  for  Channel  3)  31:0000 
1 0  ( 1 02  Temperature  Probe)  31:10 
A  32:0000 

1  (Multiplier  for  °C)  32:1 

A  33:0000 

0  (Offset  for  °C)  33:0000 
A  (Advances  to  input  for  Channel  4)  41:0000 
7  (101  Temperature  Probe)  41:7 

A  42:0000 

1  (Multiplier  for  °C)  42:1 

A  43:0000 

0  (Offset  for  °C)  43:0000 
A  (Advances  to  input  for  Channel  5)  51:0000 
7  (101  Temperature  Probe)  51:7 

A  52:0000 

1  (Multiplier  for  °C)  52:1 

A  53:0000 

O  (Offset  for  °C)  53:0000 

A  (Advances  to  input  for  Channel  6)  61:0000 


ONLY  5  CHANNELS  ARE  USED  THEREFORE  AT  THIS  TIME  THE  NEXT  *  COMMAND 
TO  BE  PROGRAMMED  IS  KEYED  IN. 


OUTPUT  TABLE 

KEY  IN:  DISPLAY: 

*1  (Output  Table  1)  01: 

A  03:0000 

1440  (Output  time  interval  =  24  hrs)  03:1440 

A  11:0000 
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62  (Program  code  for  fixed  data)  1 1:62 

A  12:0000 

Z  (CR-21  ID#  LEDUC  =  2787  P.C.  =  2850)  12:Z 

A  13:0000 
A  (No  modifier  for  this  program  therefore  Double  A)  21:0000 

50  (Program  code  for  battery  voltage)  21:50 
A  22:0000 
0  (Input  channel  for  battery  voltage)  22:0 

A  23:0000 

0  (Offset)  23:0000 
A  31:0000 

51  (Program  code  for  average)  31:51 

A  32:0000 

1  (From  input  Channel  1)  32:1 

A  33:0000 

A  (No  modifier  therefore  Double  A)  41:0000 

53  (Program  code  for  maximum  value)  41:53 
A  42:0000 
1  (From  input  Channel  1)  42:1 

A  43:0000 

A  (No  modifier  therefore  Double  A)  51:0000 

54  (Program  code  for  minimum  value)  51:54 
A  52:0000 

1  (From  input  Chaimel  1)  52:1 

A  53:0000 

A  (No  modifier  therefore  Double  A)  61:0000 

5 1  (Program  code  for  average)  61:51 

A  62:0000 

2  (From  input  Channel  2)  62:2 

A  63:0000 

A  (No  modifier  therefore  Double  A)  71:0000 
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53  (Program  code  for  maximum  value)  71:53 

A  72:0000 

2  (From  input  Channel  2)  72:2 

A  73:0000 

A  (No  modifier  therefore  Double  A)  81:0000 

54  (Program  code  for  minimum  value)  81:54 
A  82:0000 

2  (From  input  Channel  2)  82:2 

A  83:0000 

A  (No  modifier  therefore  Double  A)  91 :0000 

THIS  IS  THE  LAST  OUTPUT  CHANNEL  FOR  TABLE  1  THEREFORE  IT  IS  CONVENIENT 

TO  SWITCH  TO  OUTPUT  TABLE  2  AT  THIS  TIME. 

*2  (Output  Table  2)  02: 

A  03:0000 

1440  (Output  time  interval  =  24  hrs)  03:1440 

A  11:0000 

51  (Program  code  for  average)  11:51 

A  12:0000 

3  (From  input  Channel  3)  12:3 

A  13:0000 

A  (No  modifier  therefore  Double  A)  21:0000 

53  (Program  code  for  maximum  value)  21:53 
A  22:0000 
3  (From  input  Channel  3)  22:3 

A  23:0000 

A  (No  modifier  therefore  Double  A)  31:0000 

54  (Program  code  for  minimum  value)  31:54 
A  32:0000 
3  (From  input  Channel  3)  32:3 

A  33:0000 

A  (No  modifier  therefore  Double  A)  41:0000 
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51  (Program  code  for  average)  41:51 

A  42:0000 

4  (From  input  Channel  4)  42:4 

A  43:0000 

A  (No  modifier  therefore  Double  A)  51:0000 

53  (Program  code  for  maximum  value)  51:53 

A  52:0000 

4  (From  input  Channel  4)  52:4 

A  53:0000 

A  (No  modifier  therefore  Double  A)  61 :0000 

54  (Program  code  for  minimum  value)  61:54 
A  62:0000 

4  (From  input  Channel  4)  62:4 

A  63:0000 

A  (No  modifier  therefore  Double  A)  71:0000 

51  (Program  code  for  average)  71:51 

A  72:0000 

5  (From  input  Channel  5)  72:5 

A  73:0000 

A  (No  modifier  therefore  Double  A)  81:0000 

53  (Program  code  for  maximum  value)  81:53 

A  82:0000 

5  (From  input  Chamiel  5)  82:5 

A  83:0000 

A  (No  modifier  therefore  Double  A)  91:0000 

54  (Program  code  for  minimum  value)  91:54 
A  92:0000 
5  (From  input  Channel  5)  92:5 

A  93:0000 
A  (No  modifier  therefore  Double  A) 
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THE  OUTPUT  TABLE  IS  NOW  COMPLETE  THEREFORE  THE  NEXT  *  COMMAND  CAN 
BE  ENTERED. 

SINCE  THE  PROGRAMMING  IS  COMPLETE  THE  LAST  COMMAND  NECESSARY  IS  TO 
TELL  THE  LOGGER  TO  DUMP  ACCUMULATED  DATA  TO  THE  STORAGE  MODULE 
TO  LOG  DATA. 

*0  (LOG  DATA,  DISPLAY  SHOWS  CURRENT  TIME)  99:XXXX 
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APPENDIX  2.0 
MICROLOGGER  CHANNEL  HOOKUPS 

LEDUC 

MICROLOGGER  HOOKUP    TYPE  OF  PROBE  LOCATION 


Channel  1 
Channel  2 
Channel  3 
Channel  4 
Channel  5 


101  Temperature  Probe 

102  Temperature  Probe 
102  Temperature  Probe 
101  Temperature  Probe 
101  Temperature  Probe 


Outside 
20'  Well 
15'  Well 
8'  Well 

In  Equipment  Housing 


PINCHER  CREEK 

MICROLOGGER  HOOKUP    TYPE  OF  PROBE 

Channel  1  101  Temperature  Probe 

Channel  2  102  Temperature  Probe 

Channel  3  102  Temperature  Probe 

Channel  4  101  Temperature  Probe 

Channel  5  101  Temperature  Probe 


LOCATION 
Outside 
18'  Well 
15'  Well 
8'  Well 

In  Equipment  Housing 
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